We considered Cushing's match/mismatch theory in a heterotrophic environment and hypothesized that settlement and recruitment success in blue mussel are higher when the food supply is rich in polyunsaturated and essential fatty acids (PUFA/EFA). To test this hypothesis, we monitored larval development as well as fatty acid composition in trophic resources during two successive reproductive seasons. The decoupling we found between the presence of competent larvae in the water column and settlement rates strongly suggests that metamorphosis is delayed until conditions are suitable. In both years, the major mussel settlement peak was synchronized with a phytoplanktonic pulse rich in EFA, consisting of a large autotrophic bloom in 2007 and a short but substantial peak of picoeukaryotes in 2008. These results suggest a "trophic settlement trigger" that indirectly affects recruitment by strongly improving the settlement rate. Despite similar larval settlement rates during both years, the lower 2007 recruitment likely resulted from a mismatch with a high lipid-quality trophic resource. The seasonal trophic conditions differed greatly between the two years, with fatty acids profiles reflecting heterotrophic plankton production in 2007 and mostly autotrophic production in 2008. In agreement with Cushing's theory, our results highlight a match/mismatch, related to the food lipid quality rather than food quantity. For the first time, we show that the recruitment in marine bivalves may be dependent on phytoplanktonic pulses characterized by high levels of PUFA.
Introduction
The blue mussel (Mytilus edulis, L. 1758) has a complex life history, with a dispersive planktotrophic larval phase lasting for several weeks until settlement and metamorphosis into benthic post-larvae. Mussel larvae are omnivorous (Raby et al. 1997) , feeding mainly on the composition of the seston was assessed by running samples (4.5 mL) on flow cytometer, which 135 quantified six groups of < 20 µm planktonic cells (see Appendix A2 for technical details): 136 heterotrophic bacteria were separated according to their nucleic acid content (LNA and HNA for 137 low and high nucleic acid, respectively), and eukaryotes and cyanobacteria according to the pico 138 
Data analysis 142
We tested (i) the intra-annual variations of parameters by performing mixed-model repeated 143
ANOVAs based on an autoregressive structure and subsequent pairwise comparisons, and (ii) the 144 inter-annual variability through t-tests. The normality was verified by a Shapiro-Wilks test on 145 residuals (i) or on raw data (ii), and homoscedasticity was tested by direct observations of 146 residuals (i) or folded F tests (ii). When assumptions were not met, raw data were transformed, 147 and if assumptions were still not met, conclusions were retained if they agreed with a rank test. 148
Pearson's correlations were calculated between each pair of variables, particularly those 149 including the settlement rate. A stepwise regression model was computed for the 2008 data to 150 isolate parameter(s) with the highest explanatory power for the variation in settlement rate. SAS 151 v.9.00 software (SAS Institute Inc., Cary, NC, USA) was used for analyses. 152
Results and discussion 153
Data are expressed relative to T x , where x is the number of days following the first occurrence of 154 mussel larvae in the water column (T 0 ), which was Table B1 for detailed results). During both years, two major spawning events occurred at the 159 beginning of the season (T611 and T1825 vs T714 and T2128; Fig.2 a) . 160
Larval production and settlement competency 161
The mean veliger concentration throughout the season was statistically similar for both years 162 (6  2 vs 4  2 ind/L; Table 2 ) and characterized by three peaks of abundance in 2007 (T28, T42, 163 and T49) and two in 2008 (T24 and T38, Fig. 2b ). The maximum veliger abundances were 164 observed during the first peak, with no significant inter-annual difference (27  15 vs 165 39  18 ind/L; Table 2 ). The major veliger peak was related to the second spawning event in 166 both years (Fig 2a,b) , suggesting a low larval survival rate or flushing events of the larvae during 167 previous spawning event. Several veliger peaks were not statistically significant due to large 168 variations (Fig. 2b) successive periods of rope immersion. In this context, the fact that the settlement rate decreased 212 significantly after T82 suggests that the peak occurred rather at T68-75 than at T75-82 (Fig. 2e) . 213
Settlers appeared as soon as competent larvae were available in the water column, but 214 abundances of both stages were not correlated (Rho = 0.33, p = 0.36 vs Rho = -0.14, p = 0.38). In 2008, the mean total abundance of bacteria was 3.7  0.1 × 10 6 cells/mL and the bacterial 258 compartment was dominated by cells with high nucleic acid content (HNA; accounted for 259 6175 %) exhibiting a mean abundance of 2.5 ± 1.0 × 10 6 cells/mL (Fig. 4a) . Abundances of 260 HNA and total bacteria were strongly correlated (Rho = 0.98, p < 0.0001). Abundances of pico-261 and nanocyanobacteria exhibited seasonal means of 7 994  1 353 and 38  6 cells/mL, 262 respectively (Fig. 4b) , and were correlated (Rho = 0.54, p < 0.0001). The pico-and 263 nanoplanktonic communities were dominated by eukaryotes (99.7 and 85 %, respectively). 264
Abundances of pico-and nanoeukaryotes exhibited seasonal mean of 44.5  4.0 and 265 14.5  1.2 × 10 3 cells/mL, respectively (Fig. 4c ), but were not correlated (Rho = 0.07, p = 0.4). 266
With its very low concentrations of inorganic nutrients (< 1.1 µM for nitrogen and phosphate and 267 < 3.9 µM for silicate, unpublished data) and its high abundance of bacteria, the present lagoon 268 (Fig. 2f ) may be related to 285 the higher seston EFA levels that year (Fig. 3c) and settlement rate, the settlement peak (T68-75; Fig. 2e ) followed a phytoplankton bloom 295 (T67), which was drastically different from the overall heterotrophic conditions observed 296 throughout the season. This pulse was reflected by the highest values of POM concentration 297
(1.7  0.2 mg/L; Fig. 3a) , availability (POM/TPM > 50 %), and related MTFA (69.1  8.4 µg/mg 298 of POM; Fig. 3b ). Seston fatty acids profiles revealed a mostly autotrophic plankton production 299 at T67, with lower levels of SFA (41.3  2.5 %) and greater proportions of MUFA 300 (20.8  0.8 %), PUFA (38.1  2.7 %) and EFA (11.7  2.8 %; Fig. 3c) . 301
In contrast to 2007, there were no major changes in the seston quantity and lipid quality in 2008: 302 the maximum POM value (1.5  0.4 mg/L) was measured on the last sampling date; the 303 POM/TPM ratio exceeded 0.5 only at T59, after the settlement peak, and MTFA ranged from 304 15.7  3.0 (T42) to 43.0  9.3 µg/mg of POM (T17; Fig. 3a-b) . During all of the 2008 sampling 305 season, FA profiles were similar to T67 in 2007, thus reflecting a continuous autotrophic 306 production (Fig. 3c) . Fatty acids groups exhibited slight but significant temporal variations, but 307 only MUFA were correlated with the settlement rate (Rho = 0.44, p = 0.02, Fig. 3c ). In contrast, 308 the settlement peak in 2008 (T52-56) was synchronized with a pulse of picoeukaryotes reaching 309 a maximum concentration of 133.4  5.4 × 10 3 cells/mL at T56 (Fig. 4c) . In fact, the 310 picoeukaryote abundance best correlated with settlement rate (Rho = 0.57, p < 0.0001), which 311 was also significantly related to the nanocyanobacteria concentration (Rho = -0.32, p = 0.02) and 312 the proportion of HNA bacteria (Rho = 0.45, p = 0.0009). 313
Among the 19 variables integrated in the regression model, three explained 83 % of the 314 settlement rate variability: picoeukaryotes had the highest contribution (R² = 0.59) followed by 315 nanoeukaryotes (R² = 0.19) and picocyanobacteria (R² = 0.04; see Appendix B: Table B2 for 316 detailed results). We thus hypothesize that a change in seston characteristics triggered settlement 317 and that this 'trophic settlement trigger' depended on both resource quantity and quality. life (Phillips 2002 (Phillips , 2004 . 325
The phytoplankton succession is controlled by hierarchical physical factors such as water 326 motion, irradiance, and temperature (Levasseur et al. 1984) , and picoplankton is also subjected to 327 these controls (Winder 2009 ). In the present study, the trigger occurred during a short temporal 328 window, when seawater was warmer than 19 °C and the salinity was 30-31 ppt (Fig. 3d) ; such 329 conditions could indirectly influence settlement dynamics by conditioning plankton production. 330
There was no significant inter-annual difference in the mean seawater temperature (15.0  0.9 vs 331 16.3  0.9; Table 2, Fig. 3d shrimp Pandalus borealis (Ouellet et al. 2007 ). In addition, warm temperatures could improve 335 diet assimilation by enhancing cilia movement and the catalytic activity of digestive enzymes 336 
